INTRODUCTION
The Semantic Web is revolutionizing the World Wide Web and has brought with it issues such as ontology engineering, ontology alignment, ontology mapping, discovery, composition, and interoperability. The Web can be considered as a complex ecosystem of artifacts. Web Science studies this and its emergent complexity (Hendler et al. 2008) . In Modeling and Simulation (M&S) the Semantic Web may have a significant effect on methods and tools, particularly in model ontologies, discovery, composition, interoperability and reuse. Hypermodeling, the general theory and practice of linking system models and their components, has been proposed by Fishwick (2011) . Combining this with Web Science arguably gives us the embryonic field of Web Simulation Science (WSS). Can WSS make an impact?
There is a feeling of déjà vu. Web-based Simulation emerged in the mid-1990s. This was put forward as an exciting new area that could fundamentally change the practice of M&S. Until recently, the technologies used in M&S have remained stubbornly non-Web-based. Now most major M&S tools, or COTS Simulation Packages, such as AnyLogic and Simul8, have web-based aspects. However, these have aspects more commonly associated with Groupware (Taylor 2000) and certainly do not seek to take advantage of model/component discovery, composition, interoperability and reuse .
As evidenced by the special issue on simulation and ontologies (a major component of WSS) (Tolk and Miller 2012) , there is a significant amount of activity in the area. This was also the case with Webbased Simulation. Are the technological aspects of Web Simulation Science another "flash in the pan"? Anyone who has made even a quick cursory will see that the Semantic Web is not a simple "rebranding" of the World Wide Web. It brings with it new ways of thinking about modeling and new methods and tools. The largest immediate impact may well be in new socio-technical studies of "template" models or reusability that have been proposed, i.e. a modeler "grabs" different model objects from different sources and "glues" them together to make a new model (Paul and Taylor 2002) . Are Emergency Room models all that different? Are most manufacturing systems basically the same? Is the same true for most business processes?
Web-based Simulation faced many barriers to its use. In some ways Distributed Simulation is facing similar issues. Arguing that these are examples of (in their time) new, complex technologies that are (were) being applied to industry, this paper draws upon my experiences of these technologies and presents a set of challenges that may need to be considered when Web Simulation Science is used to study and guide the realization of new approaches to M&S.
Taylor

WEB SIMULATION SCIENCE
Web Science studies the vast socio-technological issues of the Web as an entity in its own right (Hendler et al. 2008) . As presented by the Web Science Trust, "The Web is the largest human information construct in history. The Web is transforming society. In order to understand what the Web is, engineer its future and ensure its social benefit we need a new interdisciplinary field that we call web science."
There are strong parallels with M&S, albeit on a smaller scale. For example, in a M&S project there are many different elements that are brought together to investigate a particular problem or perform a given task (the informational artifacts brought together to simulate a production line, a hospital or military scenarios). As outlined above, attempts have been made to use the Web to transform M&S. Arguably M&S is being applied to larger and larger problems. So in order to "engineer its future" and "ensure its benefit" I argue we need a new field that is called Web Simulation Science (WSS).
I define WSS as the study of M&S ecosystems realized through Semantic Web and Hypermodeling technologies. An M&S ecosystem is "everything"; the emergent complexity of people, organizations and society with regard to M&S artifacts (models, tools, technology, data, etc.) . A key component to this is Hypermodeling which subsumes and extends approaches to connect and integrate simulation models (Fishwick 2011) . It is strongly associated with the notion of hyperdocument, a media form that interrelates information and media to extend previously static interpretations of documents. Hypermodeling covers:
Linking models together within one computer or among many Linking system models to other types of models (e.g., information, geometry) Linking model components to media Composing system models from heterogeneous model types Creating custom representations of the same formal model For contributions to M&S with respect to each of these the reader is referred to Fishwick"s articles as cited above. The potential applications of Hypermodeling are vast. WSS could not only study and guide novel M&S technology but also inform us about the complex interplay between modeler, stakeholders and M&S artifacts (tools, models, data, etc.) in contemporary M&S practice. Equally, there are many challenges that could result in WSS not making any significant contribution at all.
CHALLENGES FOR WEB SIMULATION SCIENCE
The following lists a set of key challenges for WSS based on personal experiences of new technological development over a 20 year period (see, for example, Miller et al. 2001; Mustafee and Taylor 2009; Robinson et al. 2004; Taylor and Robinson 2006; ). These include experiences in Web-based Simulation, Distributed Simulation and Grid Computing. These are presented below and have, unsurprisingly, some overlap. I leave the reader to order these as they wish. Ease of use. Some aspects of Hypermodeling are extremely complex and still only implementable with considerable effort e.g. (time management in distributed simulation, ontological languages). Realistically, is it possible to predict whether or not these complex aspects can ever be solved? This might help to galvanize and focus research. Clear use/business case. The motivation for using new technologies in M&S is sometimes based only on the needs of the researcher (research for research"s sake Standards. Standards exist in many different areas and associated areas of M&S. In M&S, the majority is in distributed simulation and distributed simulation related areas. The Web has a plethora of standards (SOA/Web Service standards for example). Domain data standards can be huge as can CAD standards. There are several aspects to this. Web technologies are developed in a framework of standards and care must be taken to ensure that these technologies use the "right" ones (although there is some debate on this). Some standards change, some are "deleted". Solutions must reflect this. Ultimately, any web-based technology will be a "slave" to standards or be a leader to/creator of a standard. New technologies must clearly link to standards otherwise development may be flawed or naïve. Organizational settings. New M&S technologies will be used in different industrial sectors. These have managed IT environments which are sometimes more restrictive that research IT environments. While one cannot predict every possible situation, solutions should be developed will some "organizational" use case in mind. For example, in some settings models must be treated as black boxes, the internal workings may be confidential. Further the model may not be able to leave the boundary of the organization. Similar observations can be made on data. M&S Methodology. New technologies can be developed with new methodologies in mind. However, one must recognize that, unless there really is a Web revolution, it is highly likely that future M&S practices will be similar to those used now. New approaches must blend in to contemporary ones to build credibility. If this can be achieved then perhaps a quiet revolution could occur. Re-inventing the wheel. Researchers creating new technological artifacts sometimes do this without understanding the state-of-the-art. In the past this has led to a series of unrelated isolated developments that all attempt to solve the same problem. While innovation itself is to be encouraged, poor research methodology is not! Research rigor. Successful ground breaking technology is often created on a firm foundation of theory and practice. This firm foundation comes usually in the form of peer-reviewed conference and journal papers in quality conferences. In the absence of broad base commercialization, this foundation is critical for well-informed debate and development. Note that a problem in M&S publishing is low number of papers that cite end user involvement (in the development and/or implementation of a solution) . How can one demonstrate the positive impact of new technology without some end user evaluation? Critical mass/sustainability. Research often requires funding. When we receive funding we focus on a problem and move the solution to that problem forward. When funding is running out we attempt to get more funding to carry on the research. Invariably if that funding does not come, the research stops. In a new (any!) area it is very difficult to pursue long term sustainable research. It is often very difficult to make a long term commitment to advancing a specific area in a specific field. One may hope that a critical mass of researchers will come together to share and sustain research efforts. This is possible but only with careful (and competitive) planning. Dissemination. Careful and targeted communication of the benefits of new technologies has to be communicated to target end user communities. One cannot assume that by creating a new technology/approach end users will come "flocking". Instead one must carefully plan a dissemination strategy to communicate the benefits directly to the end user community. Better if one can convince a key member of that community to communicate benefits directly. Appreciate the end users of tomorrow. School leavers entering higher education have different IT experiences to perhaps current M&S users. Although this has been acknowledged, has this ever been seriously studied? This might realistically portray the expectations of tomorrow"s M&S community rather than one presented by an older generation.
CONCLUSIONS
This brief article has outlined and defined Web Simulation Science and Hypermodeling. It has drawn upon my experiences to present a set of challenges that may need to be considered when Web Simulation Science is used to study and guide the realization of new approaches to M&S. Both Web Simulation Science and Hypermodeling may well have a significant role to play in M&S. I encourage researchers to look into the past and revisit Web-based simulation literature. There are relevant ideas and concepts that could well be applied to contemporary research efforts. I also encourage researchers to attempt to bring scientific rigor to Hypermodeling and through the development of Web Simulation Science so that it can guide M&S efforts in the future.
